The relationship of sinusitis and paranasal sinus mucoceles to optic neuritis (ON) remains a challenge for both the otolaryngologist and the ophthalmologist. Currently, ON is assumed to be a rare complication of paranasal sinus diseases. Three new cases of ON associated with paranasal sinus diseases are described. We postulate different pathophysiologic mechanisms of ON in our three patients: compression of optic nerve due to sphenoid mucocele in the first patient; extension of bacterial infection to the optic nerve in the second patient; and invasion of aspergillosis to the orbital apex in the third patient. We assume that the complete recovery of the patient´s vision in the second case resulted from surgery, which had been performed immediately. A timely operation could possibly have prevented permanent blindness in cases 1 and 3 as well. Optic neuritis can occasionally be a complication of bacterial and mycotic sinusitis or paranasal sinus mucoceles, especially if located in the sphenoid sinus and posterior ethmoids. The evaluation of paranasal sinuses using imaging techniques is necessary to diagnose the problem, and immediate surgery can prevent permanent sequelae in indicated cases.
Introduction
The relationship of sinusitis and paranasal sinus mucoceles to optic neuritis (ON) remains a challenge for both the otolaryngologist and the ophthalmologist. Currently, ON is assumed to be a rare complication of paranasal sinus inflammation [1] . We describe three new cases of ON associated with paranasal sinus disease. Different pathophysiologic mechanisms of optic nerve involvement were found among our patients.
Case Reports

Case 1
The first patient was a 36-year-old male with chronic rhinosinusitis and nasal polyposis who had, according to his medical history, undergone repeated surgery (polypectomy, Caldwell-Luc, 1996; endoscopic surgery of paranasal sinuses, 1998 and 2003). In October 2006, the patient complained of cefalea and acute deterioration of vision with development of blindness within a few hours. The patient came to our clinic 24 hours after developing right-sided blindness. Computed tomography (CT) and magnetic resonance imaging (MRI) revealed bilateral opacity of the paranasal sinuses and mucocele of the sphenoid sinus and posterior ethmoids on the right (Figure 1 ). Treatment was started with broad spectrum antibiotics and corticosteroids. Immediate revision endoscopic endonasal surgery of the paranasal sinuses (FESS) was indicated. During the surgery, optic canal erosion in the sphenoid sinus was found. The general status of the patient improved postoperatively and the cefalea disappeared; however, there was no improvement in the patient´s vision.
Case 2
A 26-year-old man came to our hospital because of a headache, pressure, pain behind his eyes, and slowly progressing deterioration of vision in both eyes. During the physical examination, the ophthalmologist found light sensitivity in the right eye and a visual acuity of 1 meter in the left. An MRI confirmed optical neuritis on both sides and opacity of the ethmoids, predominantly on the right ( Figure 2 ). Immediate surgical treatment (FESS) was indicated together with a course of corticosteroids and antibiotics. The restitution of visual function was rapid, and the patient was discharged from the hospital on the sixth postoperative day with physiological vision on both sides.
Case 3
A woman, 68 years old, visited the ophthalmologist in September 2007 because of blindness on the right eye without further symptomatology. An MRI revealed infiltration of the retrobulbar space and optic nerve on the right with partial opacity of the ethmoids on the same side. An ENT doctor indicated an exploratory ethmoidectomy, but the surgery was refused by the patient and the ophthalmologist. The patient was treated with corticosteroids and antibiotics but she experienced no improvement of her vision.
The patient came to our hospital for the second time in March 08 because of blindness in the left eye. On MRI, both-sided infiltration of the ethmoids and retrobulbar space was observed (Figure 3 ). An ethmoidectomy was performed on both sides along with an explorative orbitotomy on the left. During the surgery, we found chronic inflammatory changes in the ethmoids, while a cytological investigation confirmed aspergillosis. General antimycotic treatment was started with a positive effect on the patient´s general status and on the inflammatory markers. The patient, however, remained blind in both eyes.
Discussion
The precise relationship between sinusitis and ON remains unclear, but most authors agree that ON can be a rare complication of paranasal sinus diseases. Ergene et al. [2] compared the frequency of paranasal sinus inflammatory changes on magnetic resonance images obtained from 23 patients with ON and 48 control patients. The author found a higher frequency of paranasal sinus inflammatory changes in patients with ON (83%) than in controls (54%).
Three typical diseases of paranasal sinuses related to optic neuritis are described in the literature: muco and pyoceles of the sphenoid sinus [3, 4] ; invasive paranasal mycosis [5] ; and purulent bacterial sinusitis-especially in posterior ethmoids and the sphenoid sinus [6, 7] . Inoue and Oshima [8] reviewed 19 cases of rhinogenic optic neuropathy in which 16 patients had cysts or mucoceles of the paranasal sinuses; 2 had acute sinusitis and 1 had malignant lymphoma. Shimo-oku et al. [9] reviewed 18 cases with ON and posterior paranasal sinus diseases. Nine patients had muco or pyoceles and nine patients had sinusitis.
The typical clinical symptoms of rhinogenous optic neuropathy due to muco-pyoceles of paranasal sinuses have been described by Fujitani et al. [4] . The author emphasised that visual disturbance due to pyoceles might be caused not only by compression but also by inflammatory infiltration and vascular disturbance. The distinct pathophysiologic routes through which paranasal sinus disease has caused ON have also been described by Rothstein et al. [1] . These included compressive optic neuropathy secondary to mucoceles, direct extension of sinus infection to the optic nerve from the suppurative paranasal sinusitis and, in one case, from osteomyelitis of the ethmoid and sphenoid sinuses. The author advocated FESS in those cases where sinus suppuration is suspected, or where compressive optic neuropathy is caused by a sinus mucocele or pyocele. The treatment of visual disturbances resulting from isolated sphenoid sinus disease by FESS is also supported by the study of Lee et al. [10] .
We propose different pathophysiologic mechanisms for ON in our three patients: compression of the optic nerve due to sphenoid mucocele in the first patient; extension of bacterial infection to the optic nerve in the second patient; and the invasion of aspergillosis to orbital apex in the third patient. We also assume that a complete recovery of the patient´s vision in the second case was due to surgery, which was performed immediately. A timely operation could possibly have prevented permanent blindness in cases 1 and 3.
Conclusion
Optic neuritis can be a rare complication of bacterial and mycotic sinusitis or paranasal sinus mucoceles, especially if located in the sphenoid sinus and posterior ethmoids. The evaluation of paranasal sinuses using imaging techniques is necessary and immediate FESS surgery can prevent permanent sequelae in indicated cases.
